New Rb-Sr biotite age data from meta-granitoids of the Seckau Nappe (Eastern Alps) are discussed to constrain its tectonometamorphic evolution. Within the basement of the Seckau Nappe a clear distinction between S-and I-Type granitoids can be established. The S-type granites are mainly part of the structurally uppermost sections and are covered by Permian to Late Triassic metasedimentary sequences of the Rannach-Formation. Within the AFM diagram all granitoids are characterized by a calcalkaline trend.
Introduction
The understanding of the tectono-metamorphic evolution of the Austroalpine Unit has made significant progress in the last few years (Schmid et al., 2004; Froitzheim et al., 2008 ). An essential key to reveal the tectonostratigraphy of Austroalpine nappes and the sequence of nappe emplacement was the analysis of the Alpine and pre-Alpine metamorphic evolution of distinct nappes (e.g., Schuster et al., 2004; Handy and Oberhänsli, 2004) . Studies on these units, however, are rather unequally distributed. Strong emphasis was given on the investigation of units showing an Eo-Alpine high-grade metamorphic evolution including eclogite facies metamorphism, whereas the amount of structural, metamorphic, and geochronological data from other units is quite low. Thöni and Jagoutz (1993) , Neubauer (1994) , Plasienka (1995) , and Froitzheim et al. (1996) and Neubauer et al. (2000) Ocean in Late Jurassic times.
"Eo-Alpine" (as term for Early Cretaceous to early Late Cretaceous) deformation and metamorphism (e.g., Frank, 1987) , _________________________ however, is frequently taken uncritically to be related to Cretaceous nappe imbrication associated with general top-to-thewest emplacement. This concept, elaborated about 20-30 years ago, does actually not sustain critical review. Age data (e.g., Dal Piaz et al., 1995; Dallmeyer et al., 2008) and the sedimentary record (e.g., Frisch and Gawlick, 2003) suggest a large time span or time gap between the subduction of the Triassic part of the Neotethys Ocean (Meliata oceanic realm) at ca. 160 Ma (Missoni and Gawlick, 2010) and classical "Eo-Alpine" ages Stefan PFINGSTL, Walter KURZ, Ralf SCHUSTER & Christoph HAUZENBERGER dating high pressure metamorphism around 100-90 Ma (e.g., Jagoutz, 1992, 1993; Thöni et al., 2008) . So the question arises whether a continuous process or distinct phases of convergence, collision, and subsequent extension formed the Austroalpine nappe pile as post-collisional extension was recognized to play a major role in Alpine orogeny (Ratschbacher et al., 1989) .
In this study the lithosthratigraphic and tectonic subdivision of the Silvretta-Seckau Nappe System in the area of the Seck- (Schmid et al., 2004; Froitzheim et al., 2008 (Neubauer et al., 1999) . In the structurally deepest part of the westernmost element represented by the Silvretta Nappe also a Permian metamorphic overprint can be recognized (Schuster et al., 2004) . The post-Variscan cover is best preserved in the Silvretta Nappe which is overlain by un-metamorphosed Permian to Triassic sediments in the Landwasser and Ducan synclines and a more or less stratigraphic contact to the Permomesozoic sequences of the Bajuvaric Nappe System (Nowotny et al., 1993; Nagel, 2006 (Neubauer et al., 1995; Schuster et al., 2004; Hoinkes et al., 2010) . Nappes of the Silvretta-Seckau Nappe System build up antiformal structures in the western (Schladminger Tauern) and eastern part (Seckauer Tauern) of the Niedere Tauern mountain ridge.
To the north the Silvretta-Seckau Nappe System is overlain by the nappes of the Greywacke zone, which consists of greenschist facies metamorphic Paleozoic sequences, and the Juvavic, Tirolic-Noric and Bajuvaric Nappe Systems. The latter form the Northern Calcareous Alps, mostly comprising un-metamorphosed to lowermost greenschist facies metamorphic
Permian to Mesozoic sediments deposited on the shelf facing originally towards the Meliata Ocean.
To the south the Silvretta-Seckau Nappe System is overlain by the Koralpe-Wölz Nappe System which represents an EoAlpine metamorphic extrusion wedge (Schmid et al., 2004) .
Its Permian to Mesozoic cover was completely stripped off during an early phase of the Eo-Alpine orogenic event and it therefore consists exclusively of metamorphic basement nappes. The Ötztal-Bundschuh Nappe System shows a similar lithological composition as the Silvretta-Seckau Nappe System, but is positioned on top of the Koralpe-Wölz Nappe System.
Within this nappe system Eo-Alpine metamorphic grade decreases upwards from epidote-amphibolite facies at the base to diagenetic conditions at the top of the nappe pile. In other words, the high-grade nappes of the Koralpe-Wölz Nappe System are sandwiched between nappes affected by rather medium to low-grade Eo-Alpine metamorphism (for summary, see Schmid et al., 2004; Froitzheim et al., 2008 (Neubauer, 1988) . The southern edge is at Ameringkogel in the northern part of the Koralpe mountain ridge (Becker, 1979 (Becker, , 1980 Unit (e.g., Neubauer and Frisch, 1993) . Terms used for the area of the Bösenstein massiv and the Seckauer Tauern, which is dominated by orthogneisses, paragneisses and migmatic paragneisses were "Seckauer Gneis" (Schmidt, 1921 , p. 103 ff), "Seckauer Masse", "Seckauer Massiv" (Tollmann, 1977) , "Kristallin der Seckauer Tauern" (Metz, 1980) and "Seckauer Kristallin" (Scharbert, 1981 , Tollmann, 1977 ner, 1951, S. 110; Metz, 1971, S. 56; Tollmann, 1977, S. 222) and "Rennfeld Mugel Kristallin" (Neubauer, 1988) can be found.
In the southern part two units had been distinguished. A lower Amering-Komplex (Flügel and Neubauer, 1984) ("Ammeringserie bzw. Gneiskomplex" in Becker, 1980) formed by biotiteplagioclase paragneisses and some orthogneis intercalations is overlain by the Speik-Komplex (Flügel and Neubauer, 1984) , ("Speikserie bzw. Amphibolitkomplex" in Becker, 1980) dominated by amphibolites with some ultramafic rocks and an eclogite at Hochgrössen mountain ( Fig. 1) . However, the individual Figure 2 : (A) Geological map of the study area in the Seckauer Tauern, based on Metz (1967 Metz ( , 1979 , Flügel and Neubauer (1984) Rb, while low in CaO, Na O, P O , Sr and Ce. (Flügel and Neubauer, 1984) ,(after "Rannachserie" from Schwinner, 1929) . It has to be mentioned that the term Rannach-Formation is problematic because there is a Rannach-Group defined in the nappes of the Graz Paleozoic just 30 km to the southeast (Flügel, 2000) .
In the northern part of the Seckau Complex the Rannach-Formation is dipping northward, whereas in the south the Speik
Complex is the uppermost element. Further, the Gaal Zone (Metz, 1971 diagram after Middlemost (1994) . Square and star symbols indicate samples from the "Untere Bodenhuette", samples with triangular symbols are from the "Ingering Gaal" area.________________________ part no data are available, but as in the eastern continuation of the unit, represented by the Troiseck Floning Nappe, preAlpine Ar-Ar muscovite ages are preserved, decreasing conditions can be expected (Dallmeyer et al., 1998) .
Timing of the peak of Eo-Alpine metamorphism in the Seckau Nappe is not constrained with age data and also for the cooling through greenschist facies conditions the data are scarce. Three Rb-Sr biotite ages are in the range of 70 to 77
Ma (Scharbert, 1981) . Unexpected high fission track ages were described by Hejl (1997 (Hejl, 1997) . Geochronological constraints on the exhumation of the Austroalpine Seckau Nappe (Eastern Alps)
Figure 5: Selected Rb-Sr biotite -whole rock ages from orthogneisses of the Seckau Complex.
classification are given in Table 1, analytical data in The results of geochronological analysis are summarized in Table 2, related Rb-Sr biotite ages and isochrons are displayed in Figure 5 . Ma (SP62) has also been observed from the southern part of the investigated area. An age from the Hochreichart (Fig. 2) yielding 79.1±0.8 Ma (SP79) calculated from biotite and corresponding whole rock assuming an error of ±1% on the Rb/ Sr ratio._______________________________________ Prior to the Eo-Alpine metamorphic peak the Seckau Complex and the overlying Permotriassic sediments were heated. The Eo-Alpine metamorphic peak was reached at 90-100 Ma. Rocks from the Seckauer Tauern experienced lower peak conditions as those in the Gleinalm area (about 500 °C) and cooled earlier than the latter. Diagram based on data from Dunkl et al. (2005 ), Faryad and Hoinkes (2001 , 2003 , Hejl (1997) , Neubauer et al. (1995) and Scharbert (1981 an Ar/ Ar age from the Speik Complex in the Gleinalm area yielded 95.4±1.2 Ma (Neubauer et al., 1995) . This age reflects total resetting of the K-Ar isotopic system in hornblende during eo-Alpine epidote-amphibolite facies metamorphism at 550-600°C at 0.9-1.0 GPa (Faryad and Hoinkes, 2003) .
In the Gleinalm mountain range the Speik Complex is overlain by the Wölz and Rappold Complexes being parts of the
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Koralpe-Wölz Nappe System. Ar/ Ar muscovite ages from there are in the range of 84 to 87 Ma (Neubauer et al., 1995) .
These muscovite ages are in the range of the new Rb-Sr cooling ages presented in this study. In the eastern part of the Eas-
tern Alps, Ar/ Ar muscovite ages from the Silvretta-Seckau Nappe System (the so-called Troiseck-Floning Zug) indicate cooling of this unit between ca. 88 and 82 Ma (Dallmeyer et al., 1998) . Despite the fact that the closure temperature of the Ar-isotopic system in white mica has been reported to be within a rather wider temperature range from ca. 350°C (Lips et al., 1998) to 425 ± 25 °C (Harrison et al., 2009) , ca. 450 °C (Hames and Bowring, 1994; Kirschner et al., 1996) and ca.
500°C (Hammerschmidt and Frank, 1991; Hames and Cheney, 1997 ) and depends on grain-size, chemical composition and cooling rate (Villa, 1998; Warren et al., 2012) , it is higher than those for Rb-Sr in biotite (300±50°C) (Jäger, 1979) . This indicates earlier cooling of the Seckau Nappe below 350°C within the Seckauer Tauern than in the Gleinalm mountain range.
Moreover, this evolution can be reconstructed for the eastward _____ continuation of the Seckau Nappe System as well.
Fission track data from the Gleinalm mountain range measured on sphene, zircon and apatite yielded ages of ca. 69 Ma, 65 Ma, and 34 Ma, respectively (Neubauer et al., 1995; Dunkl et al., 2005) . The fission track ages therefore support the trend with earlier cooling in the Seckauer Tauern with respect to the Gleinalm mountain range: The zircon fission track age of 65
Ma representing cooling below the partial annealing zone (< 240°C) (e.g., Wölfler et al., 2010 ) is just slightly older than the apatite fission track ages from the Seckauer Tauern yielding 60-44 Ma (Hejl, 1997) . The latter indicates that the northern part of the Seckau Complex cooled below the apatite fission track partial retention zone (120° -60°C; Green et al., 1986; Wolf et al., 1996) in Oligocene times. The apatite fission track age from the Gleinalm is 34 Ma (Dunkl et al., 2005) and indicates cooling 25-30 Ma later than in the north.
Compared to the cooling path of the basement rocks in the Seckau Tauern described above, cooling of the adjacent Gleinalm mountain range southeast of the Seckau Tauern appears to be more continuous (Fig. 7) . The data set from the Gleinalm mountain range, however, is also more complete than those from the Seckauer Tauern zones with top-to-the WNW displacement. As these shear zones developed at temperatures in the range of the Rb-Sr isotopic system in biotite we assume that cooling of the northern part of the Seckau Nappe is due to extensional shearing within the higher structural levels of the Seckau Nappe. Cooling ages indicate earlier cooling in the northern than in the southern part of the Seckau Nappe.
We greatfully acknowledge Stanislaw Grabala (Geological 
